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M /ENDED DENDRIMERS 

This invention relates to blending of dendrimers, and to their use in opto- 
5 electronic devices, in particular light-emitting diodes. 

Background 

Light-emitting devices based on organic light-emitting diodes (OLEDs), also 
1 0 known as organic electroluminescent (EL) devices, are an emerging display 

technology. In essence an OLED comprises a thin organic layer or stack of organic 
layers sandwiched between two electrodes, such that when a voltage is applied 
visible or other light is emitted. At least one of the electrodes must be transparent to 
light. For display applications the light must of course be visible to the eye, and 
1 5 therefore at least one of the electrodes must be transparent to visible light. 

There are two principal techniques that can be used to deposit the organic 
layers in an OLED: thermal evaporation and solution processing. Solution processing 
has the potential to be the lower cost technique due to its potentially greater 

20 throughput and ability to handle large substrate sizes. Significant work has been 
undertaken to develop appropriate materials, particularly polymers. More recently 
dendrimers that are photoluminescent in the solid state have been shown to have 
great promise as solution processible light-emitting materials in OLEDs (S-C. Lo, et 
al Adv. Mater., 2002, 13, 975; J. P. J., Markham, et al Appl. Phys. Lett., 2002, 80, 

25 2645). 

Dendrimers are branched macromolecules with a core and attached dendrons. 
Dendrons are branched structures comprising branching units and optionally linking 
units. The generation of a dendron is defined by the number of sets of branching 
30 points; see figure 1 . Dendrons with the same structure (architecture) but a higher 
generation, or order, are composed of the same structural units (branching and 
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linking units) but have an additional level of branching. There can be surface groups 
on the periphery of the dendrons. 

Light-emitting dendrimers typically have a luminescent core and in many 
cases at least partially conjugated dendrons. Further examples of light-emitting 

5 dendrimers include those found in P. W. Wang, et al Adv. Mater., 1996, 8, 237; M. 
Halim, et al Adv. Mater., 1999, 11, 371; A. W. Freeman, et al J. Am. Chem. Soc, 
2000, 122, 12385; A. Adronov, et al Chem.Comm., 2000, 1701.; C. C. Kwok, et al 
Macromolecules, 2001, 34, 6821. Light-emitting dendrimers have the advantage over 
light-emitting polymers in that the light-emitting properties and the processing 

1 0 properties can be independently optimised as the nature of the core, dendrons and 
surface groups can be independently altered. For example, with dendrimers that 
contain light-emitting cores, the emission colour of a dendrimer can be changed by 
simply changing the core. The nature and generation of the dendrons in a dendrimer 
have been shown to influence the charge transporting and processing properties (J. 

1 5 M. Lupton, et al Phys. Rev. B, 2001, 63, 5206). Other physical properties, such as 
viscosity, may also make dendrimers more easily tailored to the available 
manufacturing processes than polymers. 

Dendrimers have previously been used in OLED applications as a single 
20 component in a film (i.e. a neat film) or in a mixture with a molecular material 

(Markham et al, loc cit ) or in a mixture of more than one dendrimer of different type 
(i.e. different cores), e.g. J.M. Lupton et al. Adv. Funct. Mater., 2001, 11, 287. In this 
later case one type of organic dendrimer was used as a host for a guest 
organometallic dendrimer but the efficiency of the device was low. 

25 

Although progress has been made in the development of solution processible 
OLEDs there is still the need for OLEDs with improved efficiency and lifetime. 

The current invention is directed to the production of mixed dendrimer films 
30 and OLEDs containing them that solve some of the problems in the prior art. 
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Summary of the Invention 

According to the present invention there is provided a composition, 
preferably in the solid state, comprising a mixture of at least two different dendrimers 

5 A and B which possess the same core and the same repeating unit or units in the 
dendrons wherein either the generation of at least one of said dendrons of one of said 
dendrimers (A) is different from the generation of at least one of the dendrons in the 
other of said dendrimers (B), or the number of dendrons in one of said dendrimers is 
different from the number of dendrons in the other of said dendrimers, or both the 

1 0 number of dendrons and the generation of at least one of the dendrons in one said 
dendrimer (A) is different from the number and generation of dendrons in the other 
said dendrimer (B). 



Thus in one embodiment, the composition comprises a mixture of at least one 
1 5 dendrimer A of generation n, where n ;> 1 , and a second dendrimer B of generation n 
+ x, where x = 1 , 2 or 3, where the two dendrimers have the same core and surface 
groups as each other and the dendrons of the two dendrimers have the same structure 
but the dendrons of dendrimer B have more branching points than dendrimer A, such 
that dendrimer B is of higher generation. In a preferred form of this embodiment, the 
20 number of dendrons in dendrimer A is the same as in dendrimer B. By way of 
illustration, Figure 1 shows a schematic of dendrimer A, which is depicted as a 
second-generation dendrimer, compared with a higher-order (third) generation 
dendrimer B. 

25 The mixture of dendrimers , and indeed the composition, is preferably in the 

solid state or is otherwise stable against (net) interchange between dendrimers (A) 
and (B). Thus, the mixture is preferably one in which the relative amounts of 
dendrimers (A) and (B) are substantially constant over time. It may well be the case 
that a process intended to produce a single type of dendrimer, and whose end product 

30 is indeed a single type of dendrimer, will generate as a transient intermediate state a 
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mixture of dendrimers of different generation as growth proceeds. In such mixtures, 
however, the relative amounts of the various species present will vary over time. The 
mixture of the present invention, at least in preferred embodiments, is different from 
such a transient state in that it is stable since the conditions are such that the lower 

5 generation dendrimer cannot grow into the higher generation form, or vice-versa or 
the number of dendrons within the dendrimer cannot change. The reason for this will 
usually be because the mixture is in the solid state. Alternatively when the mixture is 
in solution the solvent and any other components in the solution will, under the 
chosen conditions, be un-reactive with the dendrimers so that the relative proportion 

10 of the dendrimers in the mixture does not change i.e. any other ingredients present in 
the mixture will be unreactive. Thus, in a preferred method of production, the 
dendrimers are produced separately from one another and are mixed in the solid state 
or under other conditions that prevent undesired change, such as being dissolved in 
an inert solvent. 

15 

For most purposes it is expected that the present mixture and composition 
will be in the form of a solid film. Thus, according to the second aspect of the 
present invention there is provided a solid film of a composition comprising the 
dendrimer mixture of the invention. 

20 

According to the third aspect of the invention there is provided an OLED 
device comprising, in sequence, layers of: an optional substrate, an electrode, a first 
optional charge-transporting layer, an emissive layer, a second optional charge- 
transporting layer and a counter electrode, wherein one of the emissive layer, the first 
25 or second charge-transporting layers, if present, especially the emissive layer, is a 
film according to the current invention. Thus, in its simplest form, the device may 
consist of the emissive layer between electrodes. 

Usually one charge-transporting layer, if present, will be a hole-transporting 
30 layer while the other optional charge-transporting layer will be an electron- 
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transporting layer. In general, each charge-transporting layer may comprise two or 
more layers which may be the same as, or different from, each other. 

In one embodiment the film comprising a mixture of dendrimer A and 
dendrimer B also contains one or more additional species, such as light-emitting 
dopants, charge-transporting species and/or additional molecular, dendritic and/or 
polymeric materials. The molecular species may possess the same group as the core 
of the dendrimer but without the dendrons attached and may or may not have other 
substituents attached. The dendritic materials can be similar to dendrimers A or B. 

Detailed description of the invention 



This invention is directed towards the use of mixtures of dendrimers of 
different generations, but otherwise of the same structural type, i.e. having the same 
1 5 core, and the same dendron structural units. The type and/or number of surface 

groups of the different dendrimers can be different providing they give solubility in 
the same solvent. However, it is preferred that the nature and number of surface 
groups attached to each distal group on the different dendrimers are the same. 

20 Unexpectedly, it has been found that it is possible to mix visible light- 

emitting dendrimers of different generations such that the quantum efficiency of a 
device with a solid film of the mixture is higher than that if the film were comprised 
of only the lower generation dendrimer or only of the higher generation dendrimer. 
The combination of dendrimers of different generations has been found to allow solid 

25 films of improved quality, e.g. more uniform characteristics, particularly thickness, 
to be formed compared with films formed from the lower generation dendrimer. A 
further unpredicted result is that mixing of different generation dendrimers permits 
control of the level of charge mobility within the mixture, which, when such a 
mixture is used as a solid electroluminescent film in an OLED device, in turn affects 

30 the device characteristics as a whole. 
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With the mixture of dendrimers A and B, preferably the dendrimer B is one 
generation higher than dendrimer A, i.e. x = 1 (or at least one dendron is one 
generation higher than a dendron of the other dendrimer). In one embodiment 
dendrimer A is first generation, i.e. n = 1 and dendrimer B is second generation, i.e. x 
5 = 1 . In an alternative embodiment, dendrimer A is at least second generation. When 
three or more dendrimers are mixed at least one is preferably of higher generation 
than at least one of the others. 

Dendrons with the same structure (architecture) but a higher generation, or 
10 order, are composed of the same structural units (branching and linking units) but 
have an additional level of branching, i.e. an additional repetition of these branching 
and linking units. 

The mixture of dendrimers may optionally contain an additional molecular 
1 5 and/or dendrimeric and/or polymeric material. For example the mixture may contain 
a light-emitting dopant and/or a charge transporting species. A preferred 
combination is for the two light-emitting dendrimers to be mixed with a charge 
transporting species. 

20 Although the present invention covers mixtures of dendrimers of differing 

generation in general, dendrimers that have at least one inherently at least partially 
conjugated dendron are preferred in OLED applications. In this context an inherently 
at least partially conjugated dendron means a dendron that has conjugation between 
the branching groups and linking units (if present) of the dendron, but because of the 

25 arrangement of the branching points the pi-system is not necessarily fully delocalised. 
Such dendrons can also be termed conjugated dendrons. In a preferred embodiment 
the said dendrimers (A and B) are capable of emitting light particularly of the visible 
spectrum. Particular dendrimers of interest are organometallic dendrimers, i.e. metal- 
containing dendrimers with a metal ion incorporated as part of the core. In an 
30 alternative embodiment the dendrimers have charge-transporting properties. 
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Since the dendrimers have the same core, it may be the case that they each 
have the same number of dendrons attached to the core, e.g. in Figure 1 they both 
have 4 dendrons attached to the core. Preferably all of the dendrons in dendrimer B 
will be of higher generation than the dendrons in dendrimer A but this is not 

5 essential. At least one, though, must be of a different generation. In the case of 
organometallic dendrimers in addition to the ligands with dendrons attached, there 
may be non-dendritic ligands that form part of the core and these will of course not 
change as the generation of the dendrimer changes. For example, Figure 2 shows red 
emitting iridium dendrimers with two dendritic ligands and one non-dendritic ligand, 

1 0 for both generations i.e. 1 and 2. In an alternative embodiment there is a mixture of 
dendrimers that contain the same basic emissive chromophore but differ in the 
number of dendrons (although the dendrons contain the same branching and 
optionally linking units and surface groups, e.g., 1 and 3). 

1 5 All the usual surface groups, such as those discussed in WO 99/21935, to 

which reference should be made, can be used. These include further-reactable 
alkene, (meth)acrylate, sulphur-containing, or silicon-containing group; sulphonyl 
group; polyether group; C,- to -C 15 alkyl group; amine group; mono-, di- or tri- C,- to 
-C l5 alkyl amine group; -COOR group wherein R is hydrogen or C,- to -C 15 alkyl; 

20 -OR group wherein R is hydrogen, aryl, or C,- to -C 15 alkyl or alkenyl; -QSR group 
wherein R is C,- to -C 15 alkyl or alkenyl; -SR group wherein R is aryl, or C,- to -C 15 
alkyl or alkenyl; -SiR 3 group wherein the R groups are the same or different and are 
hydrogen, C r to -C 15 alkyl or alkenyl, or -SR' group (R' is aryl or C,- to -C 15 alkyl or 
alkenyl), aryl, or heteroaryl. In general the surface groups of the dendrimers A and B 

25 in the mixture will be the same. 



In one embodiment the surface groups are chosen such that the dendrimer can 
be patterned. For example, a crosslinkable group can be chosen as a surface group, 
which can be crosslinked, e.g. upon irradiation or by chemical reaction. Alternatively, 
30 the surface groups can comprise protecting groups that can be removed to leave 
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crosslinkable groups. In general, the surface groups are selected so that the dendrimer 
mixture is soluble in solvents suitable for solution processing, e.g. THF, toluene, 
chloroform, chlorobenzene, xylenes and alcoholic solvents such as methanol. 
Alternatively, the type and/or number of surface groups attached to each distal group 
5 is different in the dendrimers, providing they give solubility in the same solvent to 
the dendrimers (and providing the dendrons and core are of the same structure). In 
the preferred embodiment the dendrimers also have the same surface groups. Where 
/-butyl groups are the surface groups attached to phenyl rings it is preferable that 
more than one is attached to each of the distal phenyl units. 

10 

A variety of different types of dendrimer can be used in the mixtures. As 
indicated above dendrimers which have at least one inherently partially conjugated 
dendron are preferred such as those described in W099/21935 having the formula 

(I): 

15 CORE - [DENDRITE],, (I) 

in which CORE represents an atom or group, n represents an integer of at least 1 and 
DENDRITE, which may be the same or different if n is greater than 1, represents an 
inherently at least partly conjugated dendritic molecular structure comprising aryl 
and/or heteroaryl groups and alkenyl groups connected to each other via a carbon 

20 atom of an alkenyl group to a ring carbon atom of an aryl or heteroaryl group, CORE 
terminating in the first single bond which is connected to a ring carbon atom of an 
(hetero)aryl group to which more than one at least partly conjugated dendritic chain 
is attached, said ring carbon atom forming part of DENDRITE, the CORE and/or 
DENDRITE being luminescent including ones where the dendrons are not all the 

25 same as disclosed in PCT/GB02/00765 in general those having the formula (II): 
CORE - [DENDRlTE'] n [DENDRITE 2 ] m (II) 
in which CORE represents an atom or group, n and m, which may be the same or 
different, each represent an integer of at least 1, each DENDRITE 1 , which may be the 
same or different when n is greater than 1 , and each DENDRITE 2 , which may be the 

30 same or different when m is greater than 1 , represent dendritic structures, at least one 
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of said structures being fully conjugated and comprising aryl and/or heteroaryl groups 
and, optionally, vinyl and/or acetylenyl groups, connected via sp 2 or sp hybridized 
carbon atoms of said (hetero) aryl, vinyl and acetylenyl groups, and at least one 
branching point and/or link between the branching points in DENDRITE 1 being 
5 different from those in DENDRITE 2 , CORE terminating in the single bond which is 
connected to a sp 2 hybridized (ring) carbon atom of the first (hetero)aryl group to 
which more than one conjugated dendritic branch is attached, said ring carbon atom 
forming part of said fully conjugated DENDRITE 1 or DENDRITE 2 and CORE 
terminating at the single bond to the first branching point for the other of said 

10 DENDRITE 1 or DENDRITE 2 , at least one of the CORE, DENDRITE 1 and 
DENDRITE 2 being luminescent, and those of formula (III): 

CORE - [DENDRITES (LIT) 
in which CORE represents an atom or group, n represents an integer of at least 1, 
each DENDRITE, which may be the same or different, represents an inherently at 

1 5 least partially conjugated dendritic molecular structure which comprises aryl and/or 
heteroaryl and, optionally, vinyl and/or acetylenyl groups, connected via sp 2 or sp 
hybridized carbon atoms of said (hetero) aryl, vinyl and acetylenyl groups, and 
wherein the links between adjacent branching points in said DENDRITE are not all 
the same, CORE terminating in the single bond which is connected to a sp 2 

20 hybridized (ring) carbon atom of the first (hetero)aryl group to which more than one 
dendritic branch is attached, said ring carbon atom forming part of said DENDRITE, 
the CORE and/or DENDRITE being luminescent and ones where the dendrons 
comprise aryl-aryl ligands as disclosed in PCT/GB02/00739, in general those having 
the formula: (IV) 

25 CORE-[DENDRITE(-Q)J n (IV) 

in which the CORE represents an atom or group, n represents an integer of at least 1, 
Q is a proton or a surface group such that at least one Q is a surface group, a is an 
integer and DENDRITE, which may be the same or different if n is greater than 1, 
represents a conjugated dendritic structure comprising aryl and/or heteroaryl groups 

30 connected to each other via bonds between sp 2 hybridised ring atoms of said aryl or 
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heteroaryl groups, CORE terminating in the first single bond which is connected to 
an sp 2 hybridised ring atom of an (hetero)aryl group to which more than one 
conjugated dendritic branch is attached, said atom forming part of the DENDRITE, 
the CORE and/or DENDRITE being luminescent, as well as organometallic 

5 dendrimers as disclosed in PCT/GBO 1/00750 typically those having the formula (V): 

CORE - [DENDRITE],, (V) 
in which CORE represents a metal ion or a group containing a metal ion, n represents 
an integer of 1 or more, each DENDRITE, which may be the same or different, 
represents an inherently at least partially conjugated dendritic molecular structure 

1 0 comprising aryl and/or heteroaryl groups or nitrogen and, optionally, vinyl or 
acetylenyl groups connected via sp 2 or sp hybridised carbon atoms of said 
(hetero)aryl vinyl and acetylenyl groups or via single bonds between N and 
(hetero)aryl groups, CORE terminating in the single bond which is connected to an 
sp 2 hybridised (ring) carbon atom of the first (hetero)aryl group or nitrogen to which 

1 5 more than one at least partially conjugated dendritic branch is attached, said ring 
carbon atom or N forming part of said DENDRITE, and nitrogen-core containing 
dendrimers as disclosed in WO01/59030 in general those having the formula (VI): 



20 



(— {^)~~ (CH=CH) n 1 -X y -(CH=CH) n 2 -^ 
( y) 3 x 



(VI) 
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where x is 3, 2 or 1, n 1 and n\ which may be the same or different, are 0 or 1 to 3, X 
represents a divalent mono- or poly-aromatic and/or heteroaromatic moiety, the or 
each Y, which may be the same or different if x is 1 , represents hydrogen or an 
optionally substituted hydrocarbon group, Z represents an inherently at least partly 

5 conjugated dendritic molecular structure comprising aromatic and/or heteroaromatic 
groups and optionally, alkenylene groups, connected to each other either via a carbon 
atom of an heteroaromatic group to a ring carbon atom of another (hetero)aromatic 
group or, if an alkenylene group is present via a ring carbon atom of an 
(hetero)aromatic group to a carbon atom of an alkenylene group, said dendritic 

1 0 molecular structure being connected to the remainder of the molecule via a ring 
carbon atom of an (hetero) aromatic group to which more than one at least partly 
conjugated dendritic chain is attached, one or more of the (hetero) aromatic rings of 
the dendrimer optionally being substituted, Z and/or the remainder of the molecule, 
excluding any groups Y, being luminescent, typically x must be 3, to which reference 

1 5 should be made for further details. 



In an asymmetric dendrimer of a given generation having the formula (II) at 
least one link and or branching point in DENDRITE 1 is different to that in 
DENDRITE2. In a higher generation of the same type of asymmetric dendrimer the 

20 links and branching points in DENDRITE 1 will be the same as in DENDRITE 1 in 
the lower generation and the links and branching points in DENDRITE2 will be the 
same as in DENDRITE2 in the lower generation, and either DENDRITE 1 or 
DENDRITE2 or both in the higher generation dendrimer will have more branching 
and optionally linking units than in the lower generation dendrimer. It will be 

25 appreciated, however, that in a dendrimer of formula (II) only one of DENDRITE 1 
and DENDRITE2 need be of different generation. 

The present invention is particularly directed towards the mixing of differing 
generation organometallic dendrimers of the type covered by PCT/GB02/00750 in 
30 which a metal-ion is part of the core. In such dendrimers, with chromophores 
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comprising metal-ion complexes incorporated as part of the core, i.e. the metal cation 
is part of the core, the dendrons separate the core chromophores of adjacent 
molecules. These have been shown to work well in electroluminescent devices due 
to the reduced tendency towards concentration quenching and triplet-triplet 
5 annihilation. The preferred organometallic dendrimers contain the ions iridium 
(which is particularly preferred), platinum, rhodium or rhenium (which is at present 
least preferred) as part of the core. Less preferred are organometallic dendrimers 
where the dendrons quench the luminescence of the core, in particular platinum 
porphyrin cored dendrimers with stilbene dendrons attached to the meso-positions. It 
1 0 is also preferred that the organometallic dendrimers do not require counteranions 
associated with them to balance the charge. It is therefore preferred that, in the 
organometallic dendrimers, the combination of ligands attached to the co-ordination 
sphere of the metal cation will lead to a neutral dendrimer. It is also preferred that 
the dendron be connected to a ligand which is at least in part attached to the metal ion 
15 via a metal- carbon bond. It is further preferred that the metal carbon bond be part of 
a cyclometallated ring. It is also preferred that there be dendrons attached to two or 
more ligands of at least one of the dendrimers of the mixture. Preferred 
organometallic dendrimers include those derived from a core with at least one ligand 
with a nitrogen-containing heteroaryl, for example pyridine, pyrimidinyl, pyrazinyl, 
20 pyridazinyl, imidazolyl, quinolinyl, isoquinolinyl attached to a (hetero)aryl where 
aryl can be a fused system, for example substituted or unsubstituted phenyl or 
benzothiophene, naphthyl, anthryl, phenanthryl, benzamidazolyl, carbazolyl, 
fluorenyl, pyrazolinyl, oxazolinyl, oxadiazolinyl, triazolyl, triazinyl, thiadiazolyl, 
benzimidazolyl, benzoxazolyl, furyl, and more specifically 2-phenylpyridine, which 
25 is preferred, 2-thienylpyridine, benzo(h)quinoline, 2-phenylbenzoxazole, 2- 

phenylbenzothiazole, 2-pyridyltrianaphthalene and iminobenzene in the case of 
iridium, around the central metal with aryl-aryl dendrons. Fluorescent dendrimers 
that show a propensity to pi-stack and give excimer emission can have the film 
packing disrupted by mixing different generations, thus improving colour purity. This 
30 different packing also gives control of charge mobility in charge transport layers. 
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In Example 18 of our PCT/GB02/00750 we describe the preparation of a 
dendrimer corresponding to compound 1 in Figure 2 where s - 2-ethylhexy.oxy. 
This is obtained by reacting 2-ben,o[b>thioph.ne.2-ylpyridine with a dtchloro- 
rridium complex with two phenyl pyridine ligands each being mono-subsftured 
; by the specified dendron. It is believed that the resulting complex is a tmxture of a 
compound with a single phenyl pyridyl ligand along with the desired compound 
with two phenyl pyridyl ligands i.e. the product is a mixture of compound 1 w,th 
compounds. Such a mixture is less preferred. It is preferred to obtain the 
mixture by mixing homogeneous (i.e. individual compounds) together. 

0 The mo.ar ratio of the dendrimer* A and B fotming the mixture may favour 

the higher-generation or the .ower-generation dendrimer within the mo.e range of . 
,„ ,-50, for example .:! .0 1:5. 1, is also pontile to mix denoting with the same 
cote, dendrons and, optional,,, surface groups of three or more different generate. 

The properties of dendrimers make them ideal for solution processing. 
Ptefetred dendrimers can he dissolved in a so.vent, the solution deposited onto a 
substrate, and dte solvent temoved to >eave a solid film. Convendona. so.uUon- 
processing technics can he used, for examp.e spin coating, printing (e.g. 
20 a»ddipeoa,ing.Thete S umngso,idfdmcontauting*emixofdendnmetsAandB 

ot phosphorescent. The solid fdm is preferably formed on one side of a substrate, the 
thickness of the solid film is preferably no greater than 2 nucrons. 

Tne present aspect of the invention also provides an OLED incorporating a 
solid film of this invention. In its simples, form, an organic ligh.-emntmg or 
Cecttolundnescen, device can be fotmed from a fight-emitting layer sandw.che d 
hctween two e.ectrodes, a, leas, one of which is transparent to ft. emrtted hghti Mote 
commonly thete is a. leas, one ho.e-transporting ,ayer between tite anode and dte 
30 .ght-emiLg.ayerand/orat.eas.o.eelecti.n-ti^porti ng ,ay«r hetiveen dte hgh,- 



-14- 

emitting layer and the cathode. In one preferred embodiment the said film comprising 
the dendrimer mixture forms the light-emitting layer in an OLED. It is particularly 
preferred that the dendrimers are the light-emitting species in this light-emitting layer 
or, at least, are the principal light-emitting species. In an alternative embodiment, the 
5 film comprising the dendrimer mixture forms a charge-transporting layer in an 

OLED. For example a first generation charge-transporting dendrimer such as 4,4\4"- 
tris[3 6-{4-[2-emylhexyloxy]phenyl}-^-carbazolyl]triphenylamine, could be mixed 
with higher generations of this type of dendrimer. Suitable light-emitting dopants 
that could be mixed with such charge-transporting dendrimers include 
1 0 phosphorescent organometallic molecular materials such as/ac-tris(phenylpyridine) 
iridium and related compounds designed to give different colours, and 
organometallic dendrimers. 

Such a device can have a conventional arrangement comprising a transparent 
IS substtate layer, e.g. a glass or PET layer, a transparent electrode layer, a light- 
emitting layer and a back electrode. The anode, which is generally transparent, ,s 
preferably made from indium tin oxide (TTO) although other similar matenals 
including indium oxide/tin oxide, tin oxide/antimony, zinc oxide/alumininm, gold 
and platinum can also be used, as can conducting polymers such as PANI 
20 (polyaniline) or PEDOT/PSS. The cathode is normally made of a low work functton 
me tal or alloy such as Al, Ca, Mg, Li or MgAl or optional., with an additional layer 
of LiF In an alternative configuration, the substrate may be made of an opaque 
material such as silicon and light is emitted through the opposing electrode. The 
OLED devices may be actively or passively addressed. 

For a typical OLED device, as described above where the dendrimer mixture 
is emissive, a solution of the dendrimer mixture can be applied over a transparent 
electrode layer, the solvent evaporated and then subsequent charge-transporung 
,ayers can be applied. The thickness of the dendrimer mixture layer in the OLED .a 
-0 typically lOnm to lOOOron, preferably no more than 200nm, mote preferably 30nm to 
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120nm. When a hole transport layer is incorporated between the anode and the 
emissive dendrimer mixture layer the hole transport material must not be removed to 
a significant extent during the solution deposition. 

5 An OLED device incorporating an emissive layer comprising the dendrimer 

mixture may optionally have an adjacent first and/or second charge-transporting 
layer. When the dendrimer mixture is a phosphorescent emitter, it has been found 
that it is particularly beneficial to have a hole-blocking/electron-transporting layer 
between the light-emitting dendrimer mixture layer and the cathode. Suitable 
1 0 materials for such a hole-blocking/electron-transporting layer are known and include 
2 9-dimethyl-4,7-diphenyl-l,10-phenanthroline (BCP), l s 3,5-tris[2-N- 
phenylbenzimidazolyDbenzene (TPBI), aluminium ,m(8-hydroxyquinolate) (Alq), 
aluminium bis (2-methyl-8-quinolato)-4-phenylphenolate (BAlq)and 2-biphenyl- 
5(4'-r-butylphenyl)oxadiazole (PBD). 

15 

Furthermore, additional emissive (fluorescent or phosphorescent) or charge- 
transporting species may optionally be added to the mixture of dendrimers A and B 
to improve device characteristics, e.g. efficiency and lifetime. It may further be of 
benefit to include one or more other molecular and/or dendrimeric and/or polymeric 
20 species in the mixture of dendrimers to give improved performance. Hence it is 

preferred that the molecular, dendritic or polymeric species can transmit charge in its 
own right, and that it is therefore for example a conjugated polymer or dendrimer. In 
one embodiment such additional components form a part of the total composition 
from 95 and 5 mol%. For example, with compositions that contain phosphorescent 
25 organometallic dendrimers, additional charge-transporting components include TPBI, 
PBD BCP, 4,4'-6/5 (N-carbazole)biphenyl (CBP), 4,4',4"-tris(^- 
carbazolyOtriphenylamine (TCTA), and tris-4-(N-3-methylphenyl N-phenyl) 
phenylamine (MTDATA). 



30 Such mixtures 



of dendrimers can also be used in other device applications 
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such as photovoltaic cells which can contain one or more layers. When used in 
photovoltaic cells, the dendrimers in the dendrimer mixture must in general be 
capable of absorbing light and/or transporting charge. The composition may be used 
as a homogeneous layer in a photovoltaic device or mixed with other molecular 
and/or dendritic and/or polymeric material, The mixed dendrimers may be used m 
one or more layers of the photovoltaic device. In photovoltaic applications the 
organometallic dendrimers within the mixture need not necessarily be neutral. 

The Examples that follow further illustrate the present invention. 



10 



F.vam ple 1 



A green-emitting multilayer device comprising as follows: 
,TO/CBP:(Gl:G2, 1 :2), 80:20 wt%/BCP 60nm/LiF 1.2nm/Al lOOnm. 

,5 Here firs. (Gl) and second generation (G2) (see Fignre 2, 4 and 5) indrum 

dendrimers were mixed in a mole ratio of 1 :2 and in torn mixed with a (brpolar) 
charge-transporting material CBP in a weigh, ratio of 20:80. In addition totius 
emissive layer, a 60nm layer of a hole-hlocking material BCP is incorporated 
between the emissive layer and tire cathode. This device gave a maximnm power 

20 efficiency of 35-39 cd/A and q uarrtum efficiency of 20-25 hn/W a, 4^V givmg 
brightnesses of 2-40 cd/m>. The maximum observed brightness was 4000cd/m 
12V. The turn-on voltage was 4.2V. 



r.om parati vft F.xample 



,„ comparison, for the device configuration .TO/GI 4:CBP/BCP/LiF/A 1 we 
found that the average maximum power efficiency was 8 lm/W (17 ed/A) a, 
brightnesses around ,065 cd/m> and voltages of 7.5 V. Tne turn on vohages were 
between 3.5 V and 4.2 V and per* brightnesses mached ,6000 cd/m' a, ,2V. The 
30 weigh,ratioofG.:CBPin<hisdevicewas20:80w,%. ,n the device configuration 
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ITO/G2 5:CBP/BCP (60nm)/LiF (1 .2nm)/Al (lOOnm) we found that the efficiency 
was 23 cd/A at abrightness of 30 cd/m 2 and a voltage of 6V. The peak brightness 
was 1000 cd/m 2 at 10V, and the turn on voltage was 4.4V. The ratio of G2:CBP in 
this device was 46:54 wt%. 

As can be seen from these results, the efficiency of the OLED device 
containing both Gl and G2 is higher than the efficiency of either the device 
containing just Gl, or the device containing just G2. 

The results given above were obtained from devices that were prepared 
according to the following procedure. The ITO substrates were etched by 
photolithography and treated under G 2 plasma for 1 0-20 mins. Films of CBP doped 
with a dendrimer mixture (or a single dendrimer for comparison purposes) were 
deposited by spin-coating from chloroform using a concentration of around 5 mg/ml 
onto ITO The dendrimer:CBP solutions were prepared and films spun in a glove-box 
environment (<l PP m CyH 2 0). Typically this produced films with the thickness in 
the region of 30-60 nm depending upon spin speed selected. The devices were then 
completed by sequential evaporation of BCP (40-90 nm), LiF (1.2-1 .5nm), and Al 
(100 nm) under typical base pressures of 2 x 10 7 mBar. 
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